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quantitative PCR was performed with SsoFast EvaGreen Supermix (Bio-Rad 146 Laboratories, USA). A total volume of 10 µl containing 5 µl of SsoFast EvaGreen 147 Supermix, 3 µl of RNA-free water, 0.5 µl of forward primer, 0.5 µl of reverse primer, 148 and 1 µl of template cDNA was used. PCR amplification was carried out as follows: 149 denaturation at 95 °C for 30 s, followed by 40 cycles at 95 °C for 5 s and a specific 150 annealing temperature of 55 °C for 30 s. The 2 -△△ CT method was used to evaluate the 151 mRNA expression levels (25) .
152
Statistical analysis 153 The statistical analysis was conducted using the SPSS software (SPSS, IBM, 154 version 20). The standard error of the means (SEM) was obtained from the analysis of 155 variance (ANOVA) that was conducted. The significance of the differences among 156 means was determined using one-way ANOVA and compared using Dunnett's 157 multiple range tests. The results were considered statistically significant at P>0.05. 158 
Results

159
Jejunum morphology 160 In this study, all birds purchased from the local farm at the age of 90 days were 161 no different from the normal farmed birds. The jejunum morphology analysis was 162 performed in week 8 (Table 4; Fig. 1-I) . Compared to control, the intestinal wall 163 thickness was significantly increased in the MIC groups; it was approximately 79 µm 164 and thus extremely thicker than that in the other groups (P<0.01). Meanwhile, The 10 villus height showed a significant increase both in MIC and IPF groups. Group MH 166 and ML showed a clear enhancement of the intestinal wall, villus height and crypt 167 depth. In addition, the intestinal wall thickness was 43 µm in the IPF groups, similar 168 to the control group (41 µm), and in contrast to the increased villus height, the crypt 169 depth was decreased.
170
Yolk cholesterol and fatty acids 171
The results of the yolk cholesterol and triglycerides determination are shown in 172 Table 5 . In this study, compared to the control, the groups with lower amount of 173 additive showed a decrease in the yolk cholesterol content, but there were no effects 174 on the triglycerides. A decrease in yolk cholesterol was observed in groups ML and IL 175 compared to the control (P<0.01), while the 5% groups (MH and IH) showed no 176 significant change. In addition, the most significant yolk cholesterol decline was 177 observed in group ML.
178
In our study, both the MIC and IPF contained few lipids ( Table 1) . The 179 conjugated linoleic acid content was in agreement with the results of Yang et al. (2): 180 68.64% in IPF oil and 72.21% in MIC oil ( Table 6 ). The composition of the yolk fatty 181 acids is shown in Table 7 . 182 As shown in Table 7 , the n6/n3 (n3-polyunsaturated fatty acids/ 183 n6-polyunsaturated fatty acids) ratio was significantly higher in IPF groups than in the 184 control (P<0.01). Conversely, compared to the control, the decrease in the n6/n3 ratio 185 in group MH was significant (P<0.01), and group MH also showed an increased n3
Egg production and quality 189 The effects of MIC and IPF dietary supplements on quail eggs were measured 190 ( Table 8) . The yolk weight, shell thickness, Haugh unit and diameter ratio were 191 similar among the groups. The yolk weight was approximately 0.29-0.33% of the total 192 weight of the egg, the shell thickness was 0.16-0.18 mm, the Haugh unit was [79] [80] [81] [82] [83] [84] 193 and the diameter ratio was 0.77-0.82.
194
Egg production in the MIC groups generally increased during the whole 195 experiment period compared to the control ( Table 9 ). Group ML achieved a 196 significant increase in egg mass and laying ratelaying rate on average, higher than 197 control group during the same period of time. The average egg mass in group ML was 198 9.77 g/d/bird, which was significantly higher than that in the other groups. In contrast, 199 the egg mass decreased in the IPF groups; group IH (5% IPF added) exhibited a 200 significant production decrease that was more clear in the last week compared to the 201 control (6.06 g/d/bird; P<0.01 . 2 The influence of MIC in laying quails. Compared to the control, the intestine statues of laying quails was significantly changed with the addition of MIC, as well as the relative mRNA expression in the fat pad and liver, ultimately, these changes result in an enhanced egg production.
